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SIGVALLI\G SYSTE\‘I
Robcrt A. Kleist, Sunnyvale, Calit,, assignor to Gencral
Precision, Inc., a corpoxahon of Delaware
Filed Mar. 17, 1969, Ser. No. 15,597
7 Claims. (Cl. 330—258)

This invention relates to sigaalling systems, and niore
pariicularly to a novel single sideband fransraission sys-
tem. The invenlion has especial advantage when em-
bodied in particular mterro"amr-‘-espondq systems, but
also numerous advantages in certain telemetering appli-
cations,

JAn 1mpr0vcd interrogator-responder signalling system
is disclosed in appl. Ser. No. 739,909, which was filed
June 4, 1558, by Clarence S. Jones and assigned to the
same assignee as the present iavention. The system is
capa‘ble of electronically transsnitiing data between an
interrogator device and one oxr mwore passive rcsponder
devices, where the two are capable of relative motion,
so that signals may be provided fiom the responder which
uniquely identify the responder and, or instead, indicate
one or more conditions associated with the responder.
One exemplary disclosed application of this prior inven-
tion is the use of passive responder devices on vehicles,
such as railroad box cars, for the purpose of identifying

each vehicle as it passes along a track adjacent to which”

an interrogator unit is located. The responder devices
may be small and incxpensive, and being passive, no
wired power sources or power cells are needed. Dueto a
number of reasons considered im detail in previous appli-
cations, these prior systems are more accurate and reli-
able ‘and have much more system capacity than other
prior art systems. Signalling system apparatus of this
general type is marketed under the trademark “Tracer”
by the assignee of this application.

Single sidc band (SSB) transmission systems of various
types are known, Such systems are regarded as superior
to double sideband (DDSB) systems in that SSB systems
require less bandwidth to transmnit an equal amount of
information. , A savings in spectrum not only allows
provision of .additional radio facifities, but also increases
the efficiency of the narrowed systems, since a reduction
in bandwidth provides a marked power increase in a
system tuned circuit. A conventional DSB amplitude
modulation transmissicn systema having a carrier fre-
quency of 200 kilocycles requires a bandwidth of 10 ke.
if audio frequencies between zero and 5 k. are to be
modulated thereon. X converted to a SSB system, a
bandwidth of only 5 ke. is required.

In the embodiment of signalling apparatus disclosed
in appl. Ser. No. 739,909, an imterrogator unit, essen-
tially a transmitter-modulathr wnit, supplies to an out-
put coil a high frequency intercogator signal compris-
ing a carrier having a plurality of low frequency or audio
sub-carriers modulated on it. A responder, when lo-
cated within the efTective field of the interrogator signal,
as when a boxcar carrying a responder nears the inter-
rogator output coil, operates to demodulate the high
frequency carrier to provide power to operate an oscil-
lator in the responder, thereby to provide a high frequency
response signal on a different high frequency. Each
respondcr also operates on the low frequency sub-car-
riers obtained by demodulation af the iuterrogator sigual,
and selectively filters out or selectively preserves certain
of the audiv_ sub-carriers, so as to provide a different
group of audio sub-carriers which are used to modulate
the response carrier, thereby providing sub-carrier modu-
lation on the response carrier from cach responder which
is unique to the particular respamder. By demodulating
the response signal at a response receiver and determin-
. ing which sub-carriers arc presemt or which are absent,
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the identity of the responder may be determmed The
response receiver may be located near the stationary in-
terrogator, for example, so that the identity of passing
box cars becomes known at a stationary rcsponse TC-
ceiver Iecation.

The possibilitics of using usual SSB (cchmqucs are
probably routinely considercd with respect to all com-
munications systems using modulated carriers, and the
bare idea of applying usnal single sideband techniques
to the system of appl. Ser. No. 739,909, is not a part of
the present invention. I have discovered that a departure
fromv usual SSB techniques and provision of a novel type
of SSB transmission system has important additional ad-
vantages.

Single sideband signals conventionally have been gen-
erated in two different ways. The most common tech-
nigue has been to modulate a carrier frequency with a
conventional modulator, thereby providing the carrier
with double sideband (DSB) modulation, then filtering

off the undesired sideband, and/or sometimes the car-

rier. An alternative prior technique involves modulat-
ing the carrier in a system of balanced modulators which
is arranged not to produce the undesired sideband in its
output. In either case modulators have been required,
and if either SSB modulation scheme were applied to
the pagsive signalling systems of appl. Ser. No. 739,909,
(1) modulator circuitry would be provided, and (2) sub-
carriers required to modulate the interrogator carrier
would have to be gencrated, as by means of low fre-
quency or audio sub-carrier oscillators.

All SSB transmitter techmques of which I am aware
involve the use of a continuous band of the spectrum,
probably because voice transmission, for which these

techniques are usually employed, usually requires use = -

of a continuous band in order for speech to be intelligible.
The passive signalling system of appl. Ser. No. 739,909,
however, nced not use a continuous band for sub-carriers,
and, in fact, an important feature of the system insuring
accuracy of identification is that data transmitted by
the system depends only upon the presence or absence
of the various discrete and separate sub-carriers, and npot
upon the value of frequency or the particular amplitude
of any of the sub-cariers. Therefore, instead of using
conventional SSB modulator techiques to provide a con-
tinuous band SSB signal, I provide a synthetic SSB sig-
nal consisting of discrete and separate high frequency
carriers, and rather than using andio sub-carrier gener-
ators to feed a modulator to modulate a carrier, 1 instead
directly generste in effect a plurality of high frequency
signals and additively superimpose them in an amplifier,
eliminating the need for modulators and zllowing the
sidebands to be provided by means of high frequency
oscillators instead of low frequency oscillators.

The present invention is not res'ricted to use with in-
terrogator-passive responder equipment of the type men-
tioned, however, and it will find use in improved tele-
metering equipment of further types to be described
below,

It is therefore a primary object of the present inven-
tion to provide an improved transmission system for use
with interrogator-passive responder signalling systems, so
as to eliminate requiremeats for transmiiter modulator
equipment-and to allow provision of low frequency sub-
carrier signals by means of high frequency signal gener-
ator apparatus.

FIG. 1 is an clectrical schematic diagram, partially in
block form, iliustrating how cne well-known single side-
band, transmission scheme may be applied to the basic
passive si"nal.hg system of application S

FIG. 2 is a graph iilustrating the character of the smg]c
sidahand signal apphn.d to the output coil of the systam of
FIG. 1; - - .

-

Abproved For Release 2009/04/10 : CIA-RDP81-00120R000100010004-2

er. No. 739,909;




. Approved For Re

lease

g

FIG. 3 is an electrical schematic diagram, partially in

.= block form, illustrating how the present invention may

be utilized to provide a synthetic SSB signal for use with
the basic signalling system of application Ser. No.

©739,909; - .
FIG. 4 is an elcctrical dingram partially in block form

illustrating how the present invention may be utilized
to provide an improved telemetry systemn,

FIG. 1 illustrates the basic system of application Ser.
No. 739,909 modified in. accordance with known SSB
techniques to-provide SSB transmission. A carrier fre-
quency f. is generated by carrier oscillator 101 and cou-
pled into the carrier input circuit of a classical van der
Bijl modulator shown within dashed lines at 102. The
plurality of audio sub-carriers intended to be amplitude
modulated on carrier f, is generated by a plurality of
audio oscillators 103, 104, 105, the output signals of
which are superimposed by connection in series, and in-
serted into the grid-cathode circuit. of modulator 102.
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While three audio oscillators are shown in FIG. 1, many .

more are usually used, a typical embodiment of the prior
system employing perthaps fiftcen channels or digits, so
that fifteen audio oscillators would be required.

The output of modulater 102 is a conventional double
sideband amplitude modulated signal. If f, is the highest
of the audio frequencies to be impressed as a sub-carrier
on carrier f;, the output signal from modulator 102 will
extend from a low limit of (f¢—fun) to an upper Jimit of
(fe+-1a), hence having a width of 2f,. In order to
eliminate the lower sidebands filter 107 is provided, to
pass frequencies between (fe-+fn), and to reject frequen-
cies between just below f, and (f;—f,). The carrier and
upper sidebands then are amplified in a conventional
power amplifier 168 and then applied to the interrogator
output coil 109, which induces power into responders as
they pass nearby. Numerous other modulators might
well be used in lieu of the van der Bijl modulator, exam-
ples being plate modulation or grid bias modulation or
cathode circuit modulation of class C amplifiers.

FIG. 2 is a graph of the frequency spectrum of the
signal applied to power amplifier 108, showing the single
sideband output in solid lines and the filtered lower side-
band in dashed lines. Dimension “a” illustrates the width
of the band containing the carrier and the upper sideband

. whkich is applied to amplifier 168 and the output coil,

while dimension “5” illustrates the width of the lower
sideband, which is filtered out by filter 107.

The output coil 109 creates a ficld which induces power
and signal voltages into each responder as it moves into
the effective field of coil 109. Using the SSB signal from
the interrogator unit of FIG. 1, the resonant tank 120
of the responder shown at 121 should be tuned to en-
compass the carrier and upper sidebands. The modu-
lated carrier voltage present across tuned circuit 120 is
demodulated by-means of diode rectifier X-1, and capac-
itor C-1, thereby providing a composite sub-carrier sig-
nal containing all of “he audio frequencies gencrated by
the interrogator audio oscillators, with the composite sub-
carrier signal superimpossd on a dircct voltage derived
from demodulation of the carrier f,. A series RC cir-
cuit comprising resistor R~1 and capacitor C-2 may be
used to avoid clipping and cross-modulating of the sub-
carrier signals, in accordance with a technique explained
in my copending application Ser. No. 850,828 filed No-
vember 4, 1959. ’

The composite voltage between terminals A and B is
coded by means of one or more low frequency or audio
filters, such as 124 and 125, which ars tuncd to « select-
ed two of the audio sub-carrier frequencies to remove
them from the voltage applied to a response oscillator.

~ The direct component voltage will be seen to be applied

through response oscillator tank cireuit 131 across the
collector-emifter circuit of transistor T-1, thereby caus-
ing current flow through the transistor and tank circuit.

. Since the voltage between terminals C and D contains
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all of the audio sub-carriers except those filtered out by
filtcrs 124 and ¥25, the response signal emanating from
response oscijlator 130 will te modulated with all audio
sub-carriers except thosc filtered out within the responder
The respoase oscillator 130 shown is exemplary
Tank circuit voltage is regencratively fed back
to the base of transistor T-1 via tickler coil 135 to sus-
tain oscillation, which occurs at a carrier frequency deter-
mined by the constants of tuned circuit 131,

When any respender Is located away from the inter-
rogator coil mere than a certain distance, the signals
induced in the responder input circuit 120 are too weak
to power the response oscillator 1o cnable it to oscillate.
At some closer location oscillation will eecur, but re-
sponse signals may be weak, intermittent or unreliable.
At nearer locations ampie power will be induced in each
responder to insure adzquately powerful response signals,
By means of aufomatic gain control techniques shown in
dotatil in previous applications, response signals are
ignored until they excecd a desired threshold.

Referring now to FIG. 3, and recalling that a con-
tinuous band of spectrum is unnccessary to operate the
signalling system of application Scr. No. 739,909, it may
be observed that an extremely simple and improved in-
terrogator may be used, to provide exactly the same sig-
nal to the interrogator output coil as was provided by
the apparatus of FIG. 1. Since the sub-carriers in such
a signalling system are known and unvarying, cousisting
of discrete and scparate audio frequencies, the single side-
band signal of FIG. 2 may be produced in the manner
shown in FIG. 3, with advantages to be mentioned. In
FIG. 3 the discrete frequency components which make
up the SSB siznal are generated directly by crystal oscil«
lators 301, 303, 304 and 305, which car be precisely cons
trolled and which can be provided with better accuracy
and freedom from drift than can audio oscillators, Fur- - -
thermore, radio frequency oscillators use much smaller
and lighter components in their tuned circuits, and pro-
vision of a desired Q is much easier with a radio fre-
quency circnit than with an audio or low frequency cir-
cuit. Thus while the carrier frequency oscillator 101
of FIG. 1 may be identical to the carrier frequency oscil-
lator 391 of FIG. 3, the audio oscillators 103, 104 and
105 of FIG. 1 are replaced by crystal-controlled radio
frequency oscillators 303, 304 and 365 in FIG. 3.

A patent application Serial No. 15,914 entitled “Crys-
tal Controlled Transistarized Oscillator” filed on March
18, 1960 by Clarence 8. Jones and John Scarbrough fully
describes an oscillator circuit which is contemplated for
use as the oscillators 301, 303, 304 and 305 in FIG. 3.

The output sigrals from the oscillators in FIG. 3 are
all summed together in a conventional summing circuit
shown herein as comprising a conventional feedback
amplifier 362 having feedback impedance R-302. Sum-
ming or scaling resistors R-301, R-303, R-304 and
R-305 are sclected relative to each other to proportion
properly the relative amplitudes of carricr frequency and
sideband frequencies in order to provide the desired
percentage of maodulation in the output signal. As men-
tioned above, no modulator stage is required with the
circuitry of I'IG. 3. From the output terminals of am-
plifier 302 the single sideband signal is fed through a
conventional linsar power amplifier 307 (linear in order
to preserve relative sideband-cartier amplitudes), where
it is amplified, and then applicd to feed the interrogator
output coil 169. The 8SB signal provided by the appara-
tus of FIG. 3 mey be identical in content to that pro-
vided by the apparutus of FIG. 1, 'and hence responder

. 121, shown in bleck form in FIG. 3 will respond in the

same manner as described above in comnncction with
FIG. 1, although' the more precise frequency control
cconomically possible: with the RF crystal oscillators of -
FIG. 3 will aid the responder to produce more powerful
and reliable response signals, ™ .
A specific embediment designed in accordance with |
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principles of FIG. 3 is intended to utilize 90 kc. as the
interrogator carrier frequency, and radio frequencies of
90.5, 90.590 and 92.195 Kilocycles are gencrated and
summed to drive the inmterrogator coil. The responder
input tuned circuit reccives the band from 90 kec. to
92.195 kec., and powers a response oscillator having a
carrier frequency of 235 ke,
tude-modulated response receiver system tuncd to a center
frequency of 235 ke, with an input pass band from
232.8 ke, to 237.2 ke. reproduces the sub-carriers as the
following audio frequencics, which it will be observed,
are staggered so as not to be harmonically related to
each other: 500; 590; 695; 820; 965; 1140; 1340; 1580;
1865} and 2195, :

Although it can be used with responders of the type
shown in FIG. 1, the invention is most advantageously
used to provide SSB sigrals for responders of an im-
proved type shown in appl. Ser. No. 8,723 filed on Feb-
ruary 15, 1960, by myself and Clarence S, Jomes for
“Improved Responder Device.” It should be recognized
that demodulation of a carrier frequency and various
sideband frequencies in a linear detector will result in
some distortion if single rather than double sideband
transmission is used, and hence the responder of FIGS.
1 and 3 will introduce some distortion in the audio sub-
carriers eventually modulated on the response carrier.
The distortion may be made very slight if percentage
modulation is kept small, and in most applications of
the invention the distortion introduced is in o way criii-
cal. In the specific embodiment mentioned above, an
instantancous peak percentage of modulation of 45%
(R.M.S. modulation: 11.6%) could be regarded as typi-
cal. Such a percentage may be obtained by sclection of

‘the circuit scaling resistors, so that each of the 15 sub-

carrier signals are limited to 3% of the amplitude of the
interrogator carrier,

While prior art SSB systems, as far as I am aware, al-
ways had all sideband frequencies on the same side of
the carrier frequency, the present invention is not limited
to such an arrangement. Thus, within the context of
the present invention, a single sideband transmission
system is mcant to embrace systems where sidebands
arc not symmetrically disposed about the carrier, but
where the sidebands of both higher and lower frequen-
cies than the carrier may be present.

.As. mentioned above the SSB transmission schcme of
this invention is useful not only in.connection with in-
terrcgator-responder signalling systems of the type de-
scribed, but also useful in various forms of radio telem-
etry. FIG. 4 shows a SSB transmitter arrangement like
that shown in FIG. 3, except that the oscillators 403,
404 ard 405 are not crystal controlled at a Hxed fre-
quency, but made variable in frequency in accordance
with three items of data to be transmitled by means
pf three voltages Af1, Af2 and Af3 applied from three
input terminals 423, 424, 425. The amplitudes of the
output signals of oscillator circuits 403, 404 and 405
are controlled in accordance with the value of three
further data channels, by means of three voltages ap-
plied from three input terminals 433, 434, and 433.
Hence, both frequency modulation and amplitude modu-
lation are imposed on the high frequency sidebands pro-
vided by oscillators 403, 404 and 405. Various meth-
ods of controlling oscillator amplitude and frequency in
accordance with variable input voltages are known asnd
necd not be shown in detail hereln. The frequen: r i id
amplitude modulated signals from sub-carrier osc.. aturs
403, 404 and 405 and the unmodulated signa. frem
carrier frequency oscillator 401 are applicd througl. scal-
ing resistors R-401, R-403, R—104 and R-405 to feed-

A double sideband ampli-’

TR I e 3,086,208 ¢ T e R e
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back summing ampl'iﬁcr 402, providing a SSB signal, -

which is amplificd in linear power amplifier 407 and then
applied to the system output inductor, antenna 109, The
signal picked up by receiving antenha 41t is amplified,
and heterodyned, if desired, in receiver 412 and then

applied to a group of sclective amplifiers, only two
(413, 414) of which are shown in FIG. 4. Each sclec~
tive ‘amplifier is designed-to cover the frequency band
utilized by one of the sideband oscillators.. For exam-

ple, selective amplifier 413 is arranged to amplify the ----

band between (fo+-f14-471) and (fe+f;—Af1), selective
amplificr 414 is arranged to amplify the band between
(fetfa-l-Afa) and (fo+fa—Af2), ete. The output of each
sclective amplifier is applied to an amplitude detector,
such as 416, to recover the amplitude modulation, and
to conventional limiter and frequency discriminator cir=-
cuitry to recover the frequency modulation. The ampli-

-tude modulation applied to oscillator 403 from terminal

433 and the frequency modulation applied to oscillator

403 from terminal 423 will appear as output signals at .. —.-.

terminals 418 and 419, respectively.

It should be noted that simultancous use of amplitude
and frequency modulation of the sideband oscillators
inherently results in some cross-modulation. The amount
of cross-modulation will be minimized by minimizing

percentage amplitude modulation and the frequency mod- -

uiation swing or deviation from center frequency of each
oscillator. For many practical applications the modula-
tions may be sclected so that cross-modulation will be
30 db below the information signal level, thereby pro-
viding g single economical and highly uscful multi-chan-
nel telemetering system.

What is claimed is:

1. An interrogator-responder signalling system, com-

prising in combination: an intcrrogator unit for produc-
ing and transmitting an interrogator signal, said unit com-
prising a first oscillator of fixed carrier frequency and a
plurality of sidecband oscillators having fixed respective
frequencies, the frequencics of each of said sideband oscil-
lators differing from said carrier frequency by a respec-
tive sub-carrier frequency, scaling and summing means
for combining the output signals from each of said oscil-
lators to provide a single sideband signal, the signal from
said carrier frequency oscillator being scaled to be greater
in amplitude than the signal from any of said sideband
oscillators, and a transmitter output inductor excited by
said single sideband signal; and a plurality of passive re-
sponder units relativcly movable with respect to said in-
terrogator unit, each responder unit being responsive to
said single sideband signal and operative to provide a re-
sponse signal comprising a response carrier modulated
with a plurality of said sub-carrier frequencies, each re-
sponder unit comprising tuned circuit means tuned to re-
<eive a band including the frequencies of each of said
oscillators, demodulation means connected to said tuned
circuit mcans and orperative when the responder ap-
proaches within a certain distance to said interrogator out-
put inductor to provide a first composite signal having a
direct component and a plurality of sub-carrier compo-
nents, filter circuit means responsive to said first com-
posite signal and operative to provide a second composite
signal having coded sub-carrier components unique to an
individual responder usit, and a response oscillator op-
erated by said second composite signal for providing a re-
sponse carrier signal modulated in accordance with said
coded sub-carrier compcenents.

2. Apparatus according to claim 1 in which each of
said oscillators comprises a crystal-controlled fixed fre-
quency oscillator, and in which said scaling and sum-
ming mecans comprises a feedback wmplifier scaling and
summing circuit, said apparatus zlse including a linear
power amplifier coupled to amplify said single sideband
signal from said scaling and summing means and'to
apply the amplified signal to said transmitter output in-
ductor. : - :

3. Apparatus according to claim 1 in which the fre-
quency of at least one of said sideband oscillators differs

~ from -the frequéncy of said first oscillator by an amount

»
[+,

that is different than the difference between the frequency

.~ e
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of any other of said sideband escillators and the frequency

- of said first oscillator. )

- 4. Apparatus according to claim 1 in which the fre-
quency of each of said sideband oscillators differs from
the frequency of said first oscifiator by a different amount.
- 5. A single sideband tramsmitter unit, comprising in
combination: a first oscillater for providing a carricr sig-
nal of fixed carrier frequency; a plurality of sidcband

- oscillators having fixed respective frequencies, the fre-
‘quéncies of each of said sideband oscillators differing from

said carrier frequency by a tespective sub-carrier fre-
quency; a scaling and summing means for combining the

~output signals from each of said oscillators to provide a

sum signal, said carrier signal being scaled to be greater in
amplitude than the side baed signal from any of said
sideband oscillators and the scaling of said sideband sig-
nals being arranged relative to the scaling of said carrier
to provide a desired percentage modulation; a linear power

. amplifier for amplifying said sum signal to provide an

output signal; and an output inductor connected to said
output signal.

6. A telemetering system, comprising in combination;
a transmitter unit for transmitting a single sideband modu-
lated signal, said unit including a crystal-controlied fixed
frequency osciiator for providing a transmitter carrier
frequency signal, a plurality of variable-frequency vari-
able-amplitude oscillator means each controlled within
respective frequency bands by a respeclive data input sig-
nal and each controlled in amgplitude by a further respec-
tive data input signal, said escillator means each being
operative to provide a respective sideband frequency sig-
nal varying in frequency amd amplitude, scaling and
summing means for combiming said carrier frequency
signal and said sideband frequency signals to provide a

,,,,,,,,,,,,,
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sum signal, said carrier signal being scaled to be greater

- in amplitude than the sideband signal from any of said .

oscillator means, a linear power amplifier for amplifying
said sum signal to provide an output signal, and signal-
radiating output inductor connected to said output signal;
and a receiver unit from recciving said output signal, said
recciver unit inciuding a plurality of selective amplifiers
arranged to amplify frequency bands corresponding to
said respective frequency bands of said oscillator means,
respective amplitude detcctor means responsive fo cach of
said selective amplifiers for providing output voltages cor-
responding to said data input signals, and respective fre-
quency-discriminator means responsive to each of said
selective amplifiers for providing further output voltages
corresponding to said further data input signals.

7. Apparatus according to claim 6 in which the center

frequency of each of said oscillator means differs from
the frequency of said fixed frequency oscillator by a dif-
ferent amount. -
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